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Design and method to fat>ricate PTCA l>alioon radiopaque marker t>and 



(57) A radiopaque marker for the txxJy portion of a 
medical catheter, and the methods tor manufacturing 
such a marker, require the trferKling off a metal with a 
polymer matrix. For the tkend, the metal is preferably 
greater than apprommatety seventy percent by weight 
This Wend is then made into a band having a thickness 
that is less than about two thousandths of an inch. To 
assemble the catheter, the radtopaque t>and » posi- 
tioned against the catheter body and the t>and is then 
thermany bonded to the catheter body For a balkxm 
catheter, the catheter Ixxly will t>e tiixrtar and the radio- 
paque marker t)and can be formed as a ring tfiat wiB 
surround the catheter body, ctrcumscrft>e the lumen 
inside the catheter IxxJy, or be incorporated as part of 
the cath^er body. The position of the marker band can 
be established as d^red arKJ then thermally bonded 
onto the catfieter body to identify the tocation of the l>al- 
loon on the catheter body. 
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Description 

[0001] The present invention pertains generally to 
medical catheters. More particularly, the present inven- 
tion pertains to the manufacture arxi use of radiopaque 
marker bands which can be positioned on a medical 
catheter to identify the location of the catheter during 
surgical procedures using fluoroscopic techniques. The 
present invention is particularly, but not exclusively use- 
ful as a polymer t>ased radiopaque marker which is f lex- 
it^le, and which has a k>w profile that will facilitate the 
insertion of the catheter into a Ixxly cavity. 
[00021 A well known technique for precisely controlling 
the kx:ation of a catheter as it is being positioned in a 
vessel of the cardio-vascular system of a patient during 
angioplasty surgery is to monitor the catheter insertk>n 
using radiographic equipment Such a procedure, how> 
ever, requires that certain components of the catheter 
be somehow identified with radiopaque markers. Typi- 
cally the radiopaque nnarkers which have t>een used for 
this purpose are made entirely of metal. For example* 
U.S. Patent 4.793,359 which issued to Stiarrow for an 
invention entitled "Centering Balloon Structure For 
Transluminal Angioplasty Catheter" discloses radu> 
paque markers made of platinum or gold. Alternatively. 
U.S. Paterrt 5.034,005 which issued to Appling for an 
inventkHi entitled "Radk)paque Marker^ discloses radk>- 
paque markers made of a surgical grade stainless steel. 
Although effective for the intended purpose, metal 
markers have their shortcomings. 
[0003] Metal markers, of course, are not f lexit)le. Flex- 
itxRty. tiowever. is a very desiraksle quality for an angi- 
oplasty catheter as it is necessary for improved tracking 
of the catheter through the coronary tree of a patient 
Further, metal nnarkers typically have rough edges and 
burrs which can present protrfems if not smootfied. For 
example, it is known that burrs on metal radiopaque 
markers are capable of causing pinfK>les in the balloon 
of an angioplasty catheter. If detected early enough, the 
catheter is sinply not used. Unfortunately, it son>etimes 
happens that the adverse effects caused by burrs can 
go unnoticed until after the catheter has been placed in 
use. This presents, many complicatk>ns which can 
sometimes have serious consequences. Simply stated, 
such consequences shouki be avoided if at ail possible. 
[0004] In addition to the sfiortcomings noted above, 
metal markers can sometimes present a restrictive pro- 
file. GeneraHy. it is true that the wall thkikness of a metal 
marker is added directiy to the outside diameter of the 
catheter as it is being advanced ttnough a vessel. One 
way to mitigate this increase in prof Oe is to embed the 
metal markers in the catheter shaft, as disclosed in U.S. 
Patent AppRcation 08^977,733. ffled by Fugoso and 
Rowean for an invention entitled "lmt)edded Marker Arxi 
Flexitsle Guide Wire Shaft" which is assigned to the 
same assignee as the present invention. Another 
method disdosed in U.S. Patent AppUcatk>n 09/046.241 
filed by Rafiee and Squadrito for an invention entitled 



"Catheter Having Extiuded Radiopaque Stripes 
Enft>edded In Soft Tip And MetfKXl Of Fabrication" 
which is assigned to the same assignee as ttie present 
invention is to co-extrude a "radiostripe" made of a mix 

5 of motten polymer and a radiopaque powder during 
extrusion of the distal t^^- Finally, in addition to flexibility 
and profile concerns, it is well known that wfien a com- 
pletely metallic marker is to be used, it is necessary to 
txxxJ or attach the marker to the angioplasty catheter 

w using an adhesive. In general, the tasks tfiat are 
required to attach a metal marker to a catheter are tabor 
intensive and costly. 

10005] In ii^ of the above, it is an object of the 
present invention to pu-ovide a marker for a ntedk^at 

15 devrce which bas improved flexibility for tracking tfirough 
the vessels of a patient's cardiovascular system. 
Another object of the present invention is to provide a 
marker having a wall thickness of only about 0.025 mm 
(one thousandth of an irtch) in order to present a 

20 reduced profile for an angioplasty catheter arxi thereby 
tnprove the catheter's ability to traverse smaO vessels, 
and lesfons or stents in tiie ves^. Still another object of 
the present invention is to provkJe a marker for a medi- 
cal device which does not present txjrrs or rough edges 

^ whidi require additional smoothing. Yet another object 
of the present invention is to provkfe a marker for a 
medical device which does not require the use of adhe- 
sives when affixing the marker to the device. Another 
object of the present invention is to provkie metfKxfs for 

30 manufactijring an angioplasty t>alloon with radiopaque 
markers which are simple and easy to accomplish. Stili 
arx)ther object of the present invention is to provide a 
mari^ for a medical device which is relatively cost 
effective. 

35 [0006] A radiopaque marker for a ntedrcal device, 
such as a k>alloon angioplasty catheter, includes a poly- 
mer matrix material which is triended with a metal. For 
the present invention the polymer matrix material is 
preferably a pdyether bdock amkJe co-polymer, and fhe 

40 metal is preferably selected from the group wfik^ 
includes tungsten, silver, gold, platinum and their alfoys. 
Further, the t>lend should include the metal at about 
seventy percent, or more, by weight. An effective t^ierxl 
for the present invention fias been a mixture of ninety 

45 percerrt tungsten, by weight. arxJ a polymer wtiich is 
commercially av^atsle under the trade name of 
Pebax®. 

(00071 In accordance with the metfKxIs of the present 
invention, the matrix material aai*metal tslend "is first 

50 formed as a t>and. In particular, for its use with a balfoon 
angioplasty catheter, the radiopaque t>and is formed as 
a ring wNch is dimensfoned to fit around a tubular 
shaped catiieter body drcumscribe the lumen inside 
the catheter body, or l>e incorporated as part of the 

55 catheter IxxJy. Importarrtiy. for the present invention, tiie 
marker band and the catiieter body are made of tiie 
same polymer material, or of compatft)le polymer mate- 
rials. In this sense. compatikHlity means that the materi- 
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ats should melt into each other, RegarcBess of which 
specific materials are used, once the Ijand has been 
positioned as desired, it is thermally trended to portions 
of the tubular catheter body using rf . energy To do this, 
an active RF mandrel is inserted through the lumen of 5 
the tulxjiar shaped catheter body and an RF coil is posi- 
tioned so thaUhe catheter body and the marker 
are located between the mandrel and the coil. A cirrent 
is then applied to the coil to generate the RF energy that 
is needed to melt both the mari^ band and the catheter ^ 
body. The result is an integral thermal bond between the 
marker t>and and the catheter IxxJy. 
[0008] As intended for the present invention, a sin^e 
marker band can be used, or a plurafity of marker brands 
can be used and positioned anywfiere on the tutxilar is 
catheter body to landmark specific locations or conrpo- 
nents. Posstole marker barKi positions induce, the 
extreme distal tip of the catheter, the center of the bal- 
loon, brackets for stents, and guidewire entry or exit 
ports. Further, the radiopaque t)ands used for the mark- 20 
ers need not be formed as rings. Instead, they can be 
forn^ as strips and affixed to the catheter body for sim- 
ilar purposes. 

[0009] The novel features of this inventton, as well as 
the invention itself. tx>th as to its structure and its oper- 2s 
atfon, wil be best understood from the accompanying 
drawings, given by way of example or^y, and taken in 
conjunctkMi with the acconpanying description, in 
which similar refererKe characters refer to amSar parts, 
andinwhk;h: 30 

Fig. 1 is a perspective view of the t>alioon catheter 

of the present invention with the component sul>- 

assemt)lies interconnected with each other; 

Rg. 2 is an expkxied perspective view of the cathe- 35 

ter of the present riventton stKMving the intercon- 

nective relationsh^ between the component 

subs^semblies; 

Fig. 3A is a cross sectional view of the balloon sul>- 
assemt)ly of the present inventton as seen atong 40 
the line 3-3 in Fig. 1; 

Fig. 3B is a sid)& elevatfonai view of the guidewire 
marker tube Hlustrating an alternative method for its 
assemt)ly; 

Fig. 4 is a side elevatfonal view of the distal portion 45 
of the balloon posittoned over the distal end of the 
guidewire-marker tube with porttons broken away 
and shGwn in ptiantom for clarity: 
Fig. 5 IS an elevation cross sectional view of the t)al- 
loon and guidewire-marker tube as shown in Fig. 4 so 
and positioned in a heating die for thermally bond- 
ing the t>altoon to the distal end of the guklewire- 
markertube; 

Fig. 6 is a side etevational view of the distal tip of 
the catheter wtBch results from the bonding process ss 
depicted in Fig. 5; 

Fig. 7 is a perspective view of the coupling tut>e in a 
position to be joined with the proximal portton of the 



baltoon and the distal end of dual lumen tii>e; 
Rg. 8 is a cross sectional view of the coupling tiAe 
after it fias been joined with the proximal portton of 
the battoon and the distal end of the dual limen 
tul>e as wouki be seen atong the fine 8-8 in Rg, 7. 
Rg. 9 is a cross secttonal view of the coining tube 
and guidewiremark^ tube as would t>e seen along 
the line 9-9 in Fig. 8 after the coupling tube has 
t)een joined with the distal end of the dual lumen 
tube; 

Rg. 10 is a perspective view of the proximal portton 
of the balloon positioned for interconnection with 
txrth the proximal end of the gukJewire-marker tube, 
and with the cfistal end of the dual lumen tube; 
Rg. 11 is a cross sectional view of the components 
shown in Fig. lOwhen positioned for integral bond- 
ing with e^jh other in accordance with an alterna- 
tive embodiment of the catheter of the present 
inventton: 

Rg. 12 is a cross sectional view of the catheter por- 
tion t>etween the t>alfoon assembly and the mid- 
section which results* frbm the bonding process 
depicted in Fig. 11; 

Rg. 13 is a cross sectional view of the dual lumen 
tube of the present inventton as woukJ be seen 
along tfie line 13-13 in Rg. 12; 
Rg. 14 is a cross secttonal view of the transition 
"necked-down" region between the dual lumen tube 
and the baltoon assembly as would be seen along 
the line 14-14 in Fig. 12; 

Rg. ISA is a perspective view of the distal end of 
tfie hypotube positioned for insertion into the proxi- 
mal end of the n^-tube for interconnection there- 
with, and the distal end of the mid-tube for 
interconnectton with the proximal erxl of the dual 
hjmentut>e; 

Rg. 1 SB is a cross sectional view of the hypotube 
as seen along the line 15-15 in Fig. ISA; 
Rg. 16 IS a cross secttonal view of the distal end of 
the hypotut>e inserted for bonding with the mkf-tube 
as wouki be seen along tfie line 16-16 in Rg. ISA; 
Rg. 1 7 is a cross sectional view of tfie interconnec- 
tion between the hypotube. mkJ-tut>e. and the dual 
lumen \xA>e which results from tiie bonding process 
depkrted in Fig. 16; 

Rg. 18 is a perspective view of the catheter of the 
present invention shown in operative association 
with a guidewire and an inf|a|pr: 
Rg. 19 is a schematic oHtte components used In 
the mettKxi of lanrnnating a hypotLdt>e sufc>assenlbiy 
for use within the medical catheter of the present 
invention; and 

Rg. 20 is a cross sectional view of the die of the 
extruder deptoted as would t>e seen atong the ine 
20-20 in Rg. 19. 

[0010] Referring initiaHy to Rg. 1. a percutaneous 
transluminal coronary angioplasty (PTCA) cath^er 
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which has been manufactured in accordance with the 
methods of the present invention is shown and gener- 
aBy designated 20. In overview, the catheter 20 includes 
three separate and distinct sui3assembfies. In Fig. 1. 
these subassemt^Ses are shown in their proximal-to-dis* 
tal order as: a hypotube sut>assembly 22, a mkJ-section 
sitessenrtiy 24. and a balloon subassembly 26. As 
intended for the present invention, and disclosed herein, 
each of the sitessemblies 22, 24 and 26, can be indi- 
vidually fabricated in separate manufacturing opera- 
tions. The various subassemblies 22. 24 and 26 can 
then be subsequently joined together to create the cath- 
eter 20. 

[001 1 1 For the general dimensions ttiat are preserved 
in the f kiai assembly of the catheter 20. it is to t>e appre- 
ciated that the overall length of the catheter 20 is prefer- 
ably in the range of atx)ut 1350 mm ± 30 mm. Of this 
overaR length, the fypotube sut>assembly 22 will be 
approximately one thousand and twenty millimeters 
(1020 mm), the mid-section subassembly 24 will be 
approximately three hundred millimeters (300 mm), and 
the t>alloon sut»assembly 26 will be approximately thirty 
millimeters (30 mm). However, due to the flexitxtity 
which is afforded by the separate subassembly manu- 
facturing operations, the final product can mdude sul>- 
assemblies 22. 24 and 26 wfiich have been specially 
tailored and sized for the specific operational require- 
ments of the catheter 20. Further, as an additional 
advantage of this flexibility, when a defect is detected in 
a pre-assembled subassembly 22, 24 or 26. only the 
defective subassembly needs to be discarded. Such a 
defect does not ih&rdby result in a loss of the entire 
catheter 20. 

[001 2] As shown in Fig. 1 . the hypotut>e subassembily 
22 includes a luer fitting 28 and a hypotut>e 30 which 
extertds distally from the luer fitting 28. For purposes of 
the present invention, the luer fitting 28 can be of any 
type well known in the pertinent art. Further, it can be 
made of a material that is well known in the pertinent 
art such as a medical grade plastic. The hypotube 30 
includes a hollow core tube which is preferably made of 
a stainless steel which is laminated with an external 
coating of a polymer. A suitable pc^ymer for tfns purpose 
Is a polyether bk>ck amkie co-polymer, such as manu- 
factured by Elf Alochem Corporation. arKi commerdatty 
avaHable under the trademark Pebax^^. SpecHTicaily. a 
suitable material for use as the laminate on hypotube 30 
is Pebax® 7033. Further, the laminated polymer coating 
over the core tube is preferably colored blue for the pur- 
pose of visually contrasting the hypotube 30 from other 
components of the catheter 20. As also shown in Fig. 1. 
the mid-section sitessembly 24 includes a mid-tube 32 
which is joined to a dual lumen tube 34. In the ntid-sec- 
tion subassembly 24. the mid-tube 32 is preferably 
made of a Ijlue colored tHock co-polymer, such as 
Pebax® 7223. On the other hand, the dual lumen tube 
34 IS preferably made of a material which consists of 
about ninety percent (90%) polymer, and ten percent 



(10%) graphite. In this combination, Pebax 7233 is a 
suitable material for the polymer. This combination of 
polymer and graphite as used for the dual lumen tube 
34 has two significant operational aspects. Firstly, the 

5 comt>ination makes the dual lumen tul>e 34 black in 
color. Thus, for operational purposes, it is easily distin- 
guished from other parts of the catheter 20 wtiich are 
primarily blue in color. This then aUows the operator to 
nK>re easily identify the location of ttie guidewire port 
w 1 10 (see Rg. 18) which wiU be sut)stantially kx:ated at 
the margin between the mid-tube 32 and the dual lumen 
fvhe 34. Secondly, the graphite in the combination gives 
the dual lumen tube 34 enfianced lubricity to tecilitate 
insertion arxJ passage of a guidewire 1 18 (see Fig. 18) 

IS through the dual lumen tube 34. 

[0013] The balloon subassernbly 26 is shown in Rg. 1 
to include a l>alloon 36 and a distal tip 38. Also, in phan- 
tom, it can be seen that the t)alkx>n subassembly 26 
includes a guidewire-marker tut>e 40 which is kx:ated 

20 inside the balkx)n 36 and defends longitudinally ak)ng 
the length of the balkx>n 36. For the p^resent inventk)n. 
the l>alloon 36 is preferably^ made of"Pel)ax® 7033. 
while the guidewire-marker tube 40 is preferafcrfy made 
of a blue cofored Pebax® 7233. For purposes of the 

25 present inventk>n. the baUoon 36 can be manufactured 
m accordance with the disclosure set forth in U.S. Appli- 
cation Serial Na 09/002,676 for an invention entitled 
"Method for Making a Medical Balloon Catheter" which 
was filed on January 5. 1996,and whk:h is assigned to 

3o the same assignee as the present invention. As more 
fcriiy set forth below, the distal tip 38 results from the 
mixed melting of the t>anoon 36 and the guidewire- 
marker tufc>e 40. Thus, for ttie example provkied above, 
the distal tip 38 includes t>oth the Pebax 7033 and 

35 Pebax 7233 polymer material. 

[0014] It is to be noted at this pomt that the preferred 
polymer materials which have Ijeen selected for the fal>- 
rication of the varfous SL±>assemkrfies 22. 24 arxJ 26 of 
the catheter 20 are compatible with each other. Specifi- 
ed cally. the selected polymer materials are compatible 
with each other in the sense that the Pdbax® 7033. 
which is the preferred material used for the hypotube 30 
and the balloon 36. is capable of being thermally 
borxfed with the Pet3ax 7233. which is the preferred 

45 material used for the mid-tube 32, the dual lumen tube 
34. the coupfing tube 41 . and the guklewire-marker tube 
40. This is important because, as rtlustrated in Fig. 2, 
the frypotube 30 of the tiypotiJdt>e ^passetrtAy 22 is to 
be thermally tx>rKled to the mid^trt^e 32 of the rrttd-sec- 

so tk>nsut>assembly 24. Also, the coupling tube 41 istobe 
thermally bonded to tfie dual lumen tube 34 of the mkJ- 
section subassembly 24 and to the t>alfoon 36 of the 
t>alfoon subassembly 26. Additionally, thermal or heat 
Ixwiding between the various parts of the subassem- 

55 t)lies 22, 24 and 26 is afeo intended for the present 
invention. The skilled artisan, however, will appreciate 
that adhesives can fc»e used as an alternative to thermal 
borKftng. if appropriate. 
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(001 SI It is to be understood that materials other than 
the preferred potynmer materials (i.e. Pebax®) disclosed 
herein can l>e used for the assembly and manufacture 
of the catheter 20. For example, a Nylon 12 material that ■ 
is commercially avaitafcile under the trademark "VESTA- 5 
MID" or a pdyurethane may be suitable for the present 

invention. Indeed, the particular material to t>e used is a 

matter of design choice which is primarily dependent on 
the particular characteristics desired for the balloon. For 
purposes of comparison, it is to be noted that the com- ,0 
peting (^acteristics for materials that are to be used 
for the nwttifacture of the catheter 20 involve a trade-off 
between stiffness, for column strength in the catheter 
body, and softness, for flexibility On the one hand, the 
catheter should not be too stiff, t>ecause with increased 75 
stiffness there is also an increased susceptibility for the 
catheter to "kink" On the other hand, if the material is 
too soft it will exhibit decreased "pushability." As a 
measure of the hardness of a material, durom^er rat- 
ings are helpful. Larger or higher durometer readings 20 
indicate fiaider materials. f=br the materials suggested 
here the respective durometer ratings are: Nyton 1 2, 72- 
75 D: Pebax®. 65-72 D; and Polyurethane, 55-70 D. 
[001 6] It is important for the present invention that the 
particular polymer materials to be used will either be aO 25 
the same polymer, sirrular polymers, or be polymers 
which are thermally compatft:>le with each other. As 
used in the context of the present invention, thenmal 
compatifcxlity descrft>es a condition wherein two mated 
polymer materials will bond together with no discernft>le 30 
interface when they are heated, i.e. they are miscible. 
Polymers which are identical are thamally compatS>la 
Polymers, however, do not have to l>e identical to be 
thermally oompatft3le. 

[001 7J The baHoon subassembly 26 of the catheter 20 3S 
is perhaps best appreciated by cross-referencing Rg. 2 
with Hgs. 3A and 3B. Of particular importance in the 
manufacture of the fc)alloon sut>assenr^y 26 is the pres- 
ence of marker t>ands 42a and 42b which have been 
bonded with or onto the gutdewire-marker tube 40. In 40 
accordance with the present invention, each of the 
mariner bands 42a J3 is formed as a ring or tufc>e b>efore ft 
is bonded onto the guidewtre-marker tube 40. 
[001 8J The range of dimensions for the marker bands 
42 is important for an appreciation of how they help in 4S 
providing a reduced profile for the completely assem- 
bled catheter 20. Specifically, the mariner bands 42a,b 
can have an inn^ diameter which is in the range of 
approximately 0.575 to 0.625 mm (twenty three to 
twenty five thousandths of an inch) (0.023 - 0.025 inch), so 
For any particular diameter, the wall thickness of the 
marker bands 42a.b can be approximately 0.05 mm 
(two thousandths of an inch) (0.0020 inch). Firther, 
they will have a length which is in the range of one to 
two millimeters (1 - 2 mm). 55 
[001 9J As intended for the present invention, the 
marker brands 42a.b are preferat)ly made of a blend of 
metal and polymer materials. Specifically, a Pebax® 



polymer, such as Pebax® 5233. can be Wended with a 
metal selected from the group including tungsten, silver, 
gold, platinum, or any of the other known radiopaque 
metals, and their afloys. Further, in this Wend, the racfio- 
paque metal should constitute greater than approxi- 
mately seventy percent of the material by weight (> 70% 
wt.). Preferafcrty. for the present invention, the marker 
bands 42a,b indude, by weight, ^^proximately nin€^ 
percent tungsten (90% W) and approximately ten per- 
cent polymer (10% Pebax®). 

[0020] Figs. 2 and 3A show that the mariier bands 42a 
and 42b are located on the guidewire-marker tube 40 
inside the baOoon 36. These Figs, also show that the 
marker bands 42a and 42b are focated. respectively, 
under the proximal end 44 and the cBstal end 46 of the 
baltoon 36. It is to be appreciated, however, that several 
variations in both the locafion and length of the marker 
bands 42a,b are po5sS)le. For example, marker bands 
42 can be positioned underneath the t>altoon 36 to land- 
mark either the center of the baHoon 36. the entire 
length of the balloon 36. or the lengths of various stents 
(not shown) whrch may be iSsed wiSi the balloon 36. 
Additionally, other parts of the catheter 20 can be land- 
mari^ with mari^ bands 42, as desired. Regardless 
where the marker bands 42 are to be positioned on the 
catheter 20. it is to be appreciated that when a compat- 
iWe polymer is used for their manufacture (e.g. Pebax ). 
the marker bands 42 can be thermally bonded to other 
polymer parts of the catheter 20 accordirtg to the 
desires of the manufacturer. 

[0021 J In accordance with the present invention, heat 
bonding of the marker l>ands 42 to the gukJewire- 
marker tube 40 can be accomplished in any manner 
well known In the pertinent art. For example, radfo fre- 
quency (RF) energy can be used to generate tenpera- 
tures of around 177*C (three fwndred and fifty degrees 
Fahrenheit) (350 f=) to thermally bond the marker t>ands 
42 to the guidewire-marker tube 40. Further, although 
Rgs. 2 and 3A indicate that the marker bands 42a.b are 
positioned around the outside surface of the guidewire- 
marker tut>e 40. it is to be understood that the marker 
bands 42a.b couki just as easily be bonded to the inskJe 
surface of the marker tube 40. In this case, the marker 
bands 42a,b woukf be inside the lumen 48 of the 
guidewire-marker tube 40. Alternatively, as shown in 
Fig. 3B. the marker bands 42a.b can t>e butt jant 
bonded into the mariner tube 40. For all configurations off 
the marker t»ands 42 on tube 40,^ active mandrel 45 
can be used with the marker csnds 42 and sectfons of 
tube 40 arranged as desired- For purposes of the 
present invention, active mandrels are taken to k>e fer- 
rous (Fe) based materials which interact with RF energy 
to generate heal This is in contrast with inactive man- 
drels which are made of inert materials such as goW 
(Au) or copper (Cu). Further, for the present invention it 
is preferaWe to use Teflon coated mandrels whk:h wiO 
facilitate removal of the polymer from the mandrel after 
the bonding operatfon. As will be appreciated by the 
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skilled artisan, the dimensions and shape of a particular 
mandrel will determine the configuration that is taken by 
the polymer as it melts. This, in tura establishes the 
subsequently permanent configuration of the polymer 
after it is cooled and removed from the mandrel. 
[0022] During the manufacture of the distal tip 38. the 
cfistal taH 50. which extencfe from the distal end 46 of 
balloon 36. is positkKied over the guklewire-marker tube 
40 substantially as shown in Rg. 4. As shown in Fig, 5. 
an active radio frequency (Rff=) mandrel 52 is then 
passed through the lumen 48 of the gindewire-marker 
tube 40. This combkiatton is then inserted into the cav- 
ity 54 of a mold 56. There, it is heated to a temperature 
in a range of approximately 99 top 177'*C (two hundred 
and ten to three hiundred and fifty degrees Fahrenheit) 
(210 F - 350 f). This operation melts both the Pebax 
material of the balloon 36 and the Pebax material of the 
guidewire-^narker ti4>e 40 in the mold 56. This simulta- 
neous melting provides for an integral bonding between 
the balkxH) 36 and the guidewire-marker tube 40 in the 
vk;tnity of the distal tip 38. 

[0023] Rg. 6 sfiows the result of the above descrft>ed 
operation. Specifically, the resultant distal tip 38 is pref- 
erably formed by the mold 56 to have both an end taper 
58 and a transition taper 60. The erxl taper 58, irxJicated 
t>y the angle a m Fig. 6, provides for a region of increas- 
ing outside diameter in the proximal direction lor tfie dis- 
tal tip 38. The angle <x v^rch is definitive of the erKf taper 
58 is measured from the centerKne 62. arxJ can gener- 
ally be in the range of about fifteen to about seventy five 
decrees (15 - 75 ). Preferably, the angle a will be around 
sixty degrees (a 60 ). The transition taper 60. irxfi- 
cated by the angle p in Fig. 6. provides for another 
region of increasing outside diameter for tfie distal tip 
38. This increase is also in tiie projdmal direction. For 
the transition taper 60 the angle p. whk:h is also me^- 
ured from the centerline 62. will generally t>e in the 
range of about four to about six degrees (4 - 1 65**). Pref- 
erably the angle p will be arourxi five degrees (P = 5 ). 
[0024] In the assembly of the catheter 20. ttie midsec- 
tion subassembly 24 can k>e connected with the baHoon 
subassembly 26 in either of two ways. One way uses a 
coupling tut>€ 41 (see Rgs. 7-9). The otfier way does 
not (see Figs. 10-12). In either case, se\/eral parts of the 
catheter 20 need to be uniquely configtred. In particu- 
lar, for tfus purpose it wiO be noted In Figs. 2* 7 and 1 0 
that the dual lumen tid>e 34 is formed with an inflation 
section 64 and a guidewire section 66. Specifically, the 
dual lumen tuK^ 34 can be extruded in a manner weH 
known in the pertinent art Extruskm ak>ne. however, 
does not suflk^e for tlie fabrication of the dual timen 
tube 34. As shown in Figure 7. the inflation section 64 
includes an extension 68 whuch projects beyond the 
guidewire section 66 ttvough a distance of approxi- 
mately two millimeters. Using this configuration for dual 
lumen tube 34. it can be seen that the proximal erxJ 70 
of the gutdewire-marker tube 40 can be positioned to 
abut the distal end 72 of the guidewire section 66 of the 



dual lumen tube 34. TtWs positioning of the guidewire- 
marker tut>e 40 against the distal end 72 of dual lumen 
tut>e 34 also brings the outer surface of tfie proximal 
end 70 of guidewire-marker tut>e 40 irrto contact with the 
outer surface of the extension 68 of dual lumen tube 34. 
[0025] For one embodiment of «ie present inventk>n. 
a cotq^ling tube 41 , which is approximately five centime- 
ters (5cm) in length, is incorporated into the catheter 20. 
One reason tfus is ctone is to estat^lish a greater separa- 
tion t»etween ihose points on the catheter 20 whk:h 
react to forces created tyy an inflation of the balloon 36. 
This increased separation may l>e riecessary t>ecause it 
happens that as the balloon 36 is inflated, it generates 
forces on the catheter 20 which terxi to elongate the 
catheter 20. A permanent set may result from ttiis elon- 
gation whk:h wiB cause a distortion of the balk>on 
assembly 26 after deflation of the balloon 36. Such a 
distortion can easily infvbrt withdrawal of the catheter 20 
from the patient, and should be avoided. By attaching 
the coupling tut>e 41 to one end of the balloon 36. how- 
ever, the cfistance t^etween points on the catheter 20 
where an inflation of the t>anbon 36 ^erts stretching 
forces can t>e effectively increased. Specificaily. this 
increase will be by abovX the length of tiie coupling tut>e 
41. The structure for tftis emtxxliment will be best 
appredated with reference to Rgs. 7 and 8. 
[0026] In Fig. 7 it will be seen that tiie coupling tube 
41 has a distal end 73 and a praarmA end 75, with a 
lumen 77 extending through the coupling tube 41 
between tiie ends 73, 75. Further, it is to be seen that 
the proximal end 75 of coupltng tube 41 is flared to give 
the lumen 77 a larger inside diameter at the proximal 
end 75. This flaring can be accompl^hed in any manner 
well known in the pertinent art. such as by inserting an 
awl (not shown) into tiie lumen 77 at proximal end 75. 
By cross referencing Rgs. 7 and 8 it wai be appreciated 
that in order to join the coupling tul>e 41 to the balloon 
36. the proximal tail 74 of balloon 36 is positioned in a 
surrounding relationstiip over the distal end 73 of cou- 
pling tube 41. The proximal tail 74 is then tfiermally 
bonded to the distal end 73. To bond the coupling tube 
41 to the mid-section assemt)ly 24, the flared proximal 
erxi 75 of coupling tube 41 is positioned in a surround- 
ing relationship over the distal end 72 of the dual lumen 
tube 34. Recall, the proximal end 70 of guidewire 
marker tube 40 also abuts the guidewire section 66 at 
the distal erxJ 72 of dual lumen tiije 34. The proximal 
end 75 of coupling tube 41 is thenj|;iermany bonded to 
tiie distal end 72 of the dual lumen tube 34. As best 
seen in Fig. 8, the connecting point between the proxi- 
mal erKf 70 of guidewire marker tube 40 and the t>anoon 
36 IS effectively moved away from the t>alloon 36 by 
about the length of the coupling tube 41 . As discussed 
above, this provides additional separation of about five 
centimeters (5 cm) between those points on tiie catfie- 
ter 20 which react to the forces that are generated l>y an 
inflated balloon 36. For reasons discussed above, this is 
benef knal. There is. however, another benefit. 
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[0027] For the configuration of catheter 20 which 
incorporates the coupling tube 41 . it can be an added 
benefit that the guidewire marker tube 40 is "coaxial" 
with the coupling tube 41. With this "coaxiar structure 
the flexibility of the catheter 20 is improved wittxxit deg- 5 
radation of the abHity of catheter 20 to inflate the balloon 
36. By referencing Rg. 9 it is to t>e appreciated that the 
guidewire niarker tube 40 actually exterxls through the 
lumen 77 of coupling tube 41 . With this relationship, the 
guidewire lunen 96 of dual lumen tube 34 is effectively 
continued through the giDdewire mariner tdt>e 40. At the 
same time, the inflation lumen 98 of dual lumen tul)e 34 
is placed in fliid communication with the lumen 77 of 
coupling tube 41 . and with the irrterior of the balloon 36. 
C0028] It is to be appreciated that the thermal tx>nding 
which is establisfied t>etween coupling tut>e 41 and the 
respective components of mid-section assembly 24 and 
balloon assen^y 26 is accomplished using methods 
well known in the pertinent art. Essentially, these meth- 
ods involve the use of active mandrels which hold and 
shape the polymer materials as they are heated by RF 
energy As indicated throughout this disctosure. the 
position of mandrels, the dimensions and sfiape of the 
marxlrels, arxl the kx:ation and activation of RF tieating 
ccMis are a matter of design choice and are dictated t>y 2s 
the desired results. 

[0029] For another entxxJiment of the catheter 20. the 
connection k»etween the mid-section assembly 24 and 
the balkx>n assembly 26 can t>e made without the use of 
a coupling tube 41 (see Figs. 10-12). With specific refer- 30 
ence to Fig. 10. H wiO be appreciated that guidewire- 
marker tube 40 can be positioned against the dual 
lunen tut>e 34 as indicated above. Furtfter. it is to t>e 
appreciated that the proximal tail 74 of balloon 36 can 
be nwved into a position to sunround both the cfistal end 3s 
72 and the extension 68 of the dual lumen tube 34. 
Simultaneously, the proximal tail 74 can be positioned 
over the proximal end 70 of guidewire-marker tul>e 40. 
With the balloon 36. guidewire-marker tut>e 40 and dual 
lumen tube 34 positioned as suggested, an active RF 4o 
mandrel 76 can be sequentially inserted into the 
respective lunf>ens df guidewire-marker tube 40 and the 
guidewire section 66 of dual kimen tube 34. At tiie same 
time, an active RF mandrel 78 can l>e inserted through 
the lumen of inflation section 64 of the dual lumen tube 4s 
34. This mandrel 78 is "active" in the sense that it heats 
up when exposed to RF energy. TOs combination is 
now ready for heat bonding. 

[0030] To effect a boncting between the proximal tail 
74 of the banoon 36. the guidewire-marker ttbe 40. and 50 
the dual lumen tut>e 34. a radio frequency (RF) coil 80 
can be positioned, sul>stantially as shown in Fig. 11. 
Upon activation of the omI 80. these conponents win 
bond wherever they are in contact with each other. Acti- 
vation of the coil 80 actually serves Uto purposes. 55 
Firstly, there is the bonding actk)n just described. Sec- 
ondly, tfie coa 80 can be extended over at least a portion 
of the dual lumen tul>e 34 to create a "necked<town" 



portion 82 of the dual lumen tube 34. As best seen in 
Fig. 1 1 . this necked-down portion 82 will be immediately 
proximal to the balloon sut}assembly 26 and. preferably, 
will be approximately four centimeters in length (4 cm.)! 
Upon deactivatk>n of the coil 80. the coil 80 and the two 
mandrels 76 and 78 are removed. The result of this 
bonding and "necking-down" operatkm is shown in Fki 
12. ^* 

[0031] As can be appreciated by cross-referendng 
Fig. 12 with Figs. 13 and 14. the necked-down pcrtion 
82 of dual lumen tube 34 has a smaller, more conpact. 
cross sectional profile (Rg. 14) than does the rest of the 
dual lumen tube 34 (Fig. 13). The purpose for tfiis differ- 
ence in cross sectional areas is that the necked<lown 
portion 82 is thereby able to present a sfimmer profile 
near tfie t>anoon assembly 26. This reduced profile is 
particularly desirable where the catheter 20 is most 
likely to confront lesior^ or narrower vessels in tfie 
patient's vascular system. 

[0032] By way of example, as shown in Rg. 13. the 
guidewire section 66 of dual lumen tut>e 34 wifl have an 
outer diameter 84 that i^ ^ual to" alxxit 0.625 mm 
(twenty five thousandths of an inch) (0.025 ± 0.003), 
and an inner diameter 86 that is equal to atxnit 0.475 
mm (nineteen tfx>usandths of an inch) (0.019 ± 0.005). 
On the other hand, the inflation section 64 of dual lumen 
tidje 34 will have an outer cfiameter 88 tfiat is equal to 
about 0.55 mm (twenty two thousarxfths of an inch) 
(0.022 ± 0.003). and an inner diameter 90 tliat is equal 
to about 0.375 mm (fifteen thousandths of an inch) 
(0.01 5 ± 0.001 ). The height 92 of the dual lumen tube 34 
will t5e approximately 1.15 mm (forty six thousandths of 
an inch) (0.046 ± 0.003) and the center-to-center dis- 
tance 94 between the guidewire lumen 96 and the infla- 
tion lumen 98 in dual lumen tube 34 is approximately 
0.55 mm (twenty two thousandttis of an inch (0.022 ± 
0.002}). Contrast this with the dimensions of the 
necked-down portion 82 shown in Rg. 14. There it will 
be seen that the overall outside diameter 100 of tfie 
necked-down portion 82 v«ll be approximately 0.85 mm 
(thirty four thousandths of an inch) (0.034 ± 0.003). 
Within tfiis configuration, the guidewire lumen 96 wifl 
have a diameter of approximately 0.425 nm (seventeen 
thousandths of an inch (0.017 ± 0.005)). and the infla- 
tion \uwex\ 98 will have a diameter of approximately 0.3 
mm (twelve thousandttis of an inch (0.012 ± 0.005)). 
[0033] The joining of the hypotut>e sut«ssentily 22 
with the mid-section sut>assemb|y 24 by tfiermal bond- 
ing is made possflile by the facrthat the hypotube 30 is 
pre-coated with a polymer By cross referenctr^ Figs. 
15A and 15B it will be seen and appreciated that the 
hypotube 30 is formed with an inflation lumen 99 and is 
covered over its outer surface with a coating 101. Pref- 
erably, the polymer used to pre-coat the hypotiA>e 30 s 
a Pebax material such as those used for otiier conpo- 
nents of the catheter 20 and is approximately greater 
than about 0.125 to 0.25 mm (f h/e - ten thousandths of 
an inch thick (0.0005 in)). More specif kally. the polymer 
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coating is extruded onto the outer surface of the hypo- 
tube in a high speed continuous operation. For pur- 
poses of the present ffivention. the tiypotijt>e 30 is 
preferably made of stainless steel. To do this, it is to t>e 
appreciated tfiat the hypotube 30 is straightened prior to 
having the polymer extruded onto its outer surface. The 
method whereby the hypotut»e sut>assembly 22 is man- 
ufactured for integration into the catheter 20 is notewor- 
thy and is discussed in greater detail below. As for the 
configuration of the fiypotii>e 30 used for the catheter 
20 of the present invention, its structure is, perfiaps, 
best appreciated with reference to Fig. 15A. There it will 
t>e seen that tf)e distal end 102 of hypotube 30 has been 
shaved to create a skived projection 103 for this pur- 
pose. Specifically, the skived projection 103 of the distal 
end 102 of hypotut>e 30 is dimensioned for insertion into 
the inflation himen 98 at the proximal end 104 of the 
mid-tUbe 32, and for subsecpjent heat tx>nding there- 
with. Before tfiis is accomplished, however, the distal 
erxi 106 of mid-tut>e 32 will be heat tionded to tfie dual 
lumen tube 34. 

[00341 In Fig. 15A it can be seen that guidewire sec- 
tion 66 of the dual himen tube 34 includes a proximally 
oriented extension 108 which is skived or shaved to cre- 
ate a guidewire port 1 10 for the guidewire lumen 96. To 
be in scale with other dimensions given herein, the 
extensk>n 108 wiU project b^ond the proximal end 112 
of the inflation sedkm 64 of dual himen 34 to a distance 
of about ten millimeters (10 mm). Accordingly, as the 
mid-tube 32 is joined with the dual lumen tube 34. the 
distal end 106 of mid-tube 32 will atxit the proximal end 
112 of inflation section 64 of the dual lumen tube 34. 
Also, the extension 108 of gindewire section 66 wit t>e in 
contact with the outer surface of the distal end 106 of 
mid-tube 32. 

[0035] As indicated in Rg. 16. an RF coil 1 14, acting 
in concert with an active RF mandrel (not shown), can 
be used to heat bond the distal end 106 of mid-tube 32 
to the dual lumen tube 34. As also indicated in Rg. 16, 
an RF coil 1 16 can be similarly used to lieat tx>nd the 
distal end 102of hypotube 30 to the proximal end 104 of 
mid-tube 32 at a point that is just proximal to the distal 
erxl 102. brportEmtly, with this bond, the skived projec- 
tion 103 of distal end 102 extends through mid-tube 32 
to a point where the extreme distal tip 113 of ttie hypo- 
tube 30 is slightly distal to the guidewire port 1 10 in 
order to pravicte some degree of stiffness for the catfie- 
ter 20 in this region. Alsa with this txwid. tfie irtflation 
lum^ 99 of fiypotut>e 30 is placed in fluid communica- 
tion with the inflation lumen 98 of dual lumen tutoe 34. 
[0036] In light of the above disck>sure it is to be appre- 
ciated tfiat tfie guidewire lumen 96 of catheter 20 
extends distally through the catfieter 20 from the 
guidewire port 110 in mid-section subassembly 24 to 
the distal tip 38 of tfie balkx>n sut^assembly 26. Thus, 
along its course, the guidewire lumen 96 passes 
through the guidewire section 66 of dual lumen tube 34 
aixJ through tf>e guidewire-marker tube 40. On the other 



fiand. the inflation lumen 98 of catheter 20 estat)lisfies 
fluid communication all tfie way from the luer fitting 28 to 
the baUoon 36. Specifically, the inflation Himen 98 
' extends successively from the inflation lumen 99 of 
5 fiypotube 30. tfirough the mid-tube 32, and the inflation 
section 64 of dual lumen tut>e 34. From the dual lumen 
tube 34. the inflation lumen 98 enrpties directly through 
the hmen 77 of coupfing tube 41 into the interior of bal- 
loon 36. 

10 [0037] Thecontrftxitionsof eachof thesubassernblies 
22. 24 arxi 26 to tfie overall functionality of the catfieter 
20 eire rK)teworthy. Atong the length of the catheter 20. It 
is the fiypotube subassemksly 22 which provides most of 
the axial strength that is necessary to give the catheter 

15 20 good "pushak>ility.'* With Hs different structure, the 
dual lumen tuise 34 of mid-section subassembly 24 pro- 
vides good fluid transfer properties for inflation and 
deflation operations of tfie t>alloon 36. At the same time, 
the dual lumen tube 34 allows for improved twisting and 

20 turning performance in the distal portion of the catheter 
20. Specifically, due to the dual lumen design of the 
tube 34 there is increased r^istanceto potential col- 
lapsing of the inflation lumen 98 during an advancement 
of the catheter 20 through a patient's vascular system. 

25 The use of a coupling tut^e 41 provkies additional sepa- 
ration between points on the catheter 20 whrch will react 
to an infiatton of the balloon 36. This additional sepafB- 
tion reduces the adverse consequences wfuch can 
result when the catheter 20 is stretched and perma- 

3o nently cfistorted. Further, the coupling tut>e 41 estate 
fishes a "coaxiar arrangement between the inflation 
lumen 98 and the guklewire lumen 96 whk:h benefits 
both the f lexfeirity off the catheter 20 and the inflatability 
of the balloon 36. In the t>a!loon sufctassembly 26. the 

35 marker t>ands 42a.b allow for good ot>servation of the 
advancement of the balkx>n 36 and its precise position 
in a patient's vascular system. Further, due to the mate- 
rials used in their manufacture, the marker bands 42a.b 
provide for enhanced flexibility of the balloon sub- 

40 asserrtrfy 22. Still further, due to their dimensk>ns, the 
marker bands 42a.b provide a reduced and slimmer 
profile wfiich allows the distal extremities of tfie catheter 
20 to be more easfly advanced farther into tfie patienfs 
vascular system. 

45 [0038] As discussed above, tfiere must be a compati- 
bility of materials in order for the respective fiypotii>e, 
mid-section and balloon subasserrMes 22.24.26tobe 
ttienmalty txmded togetfier. As the fiypotube 30 Is made 
of stainless steel In the preferred-embodiment, in order 

50 tote tKXKted to tfie midsection sut>assembly 24. the 
fiypotL^e 30 must t>e laminated with a polymer coating 
101 to form the fiypotube subassembly 22 of the 
present invention, lb do this, and referring now to Fig. 
19. a spool 124 of stainless steel tut>ing 126 is provided. 

55 The stainless steel tubing 126 is first fed into a wire 
straigfitener 128. and then into the crosshead 130 <rf an 
ectruder 132. Tbe wire straigfitener 128 is required 
because tfie ectruston process, whereki the polymer 
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coating 101 is laminated onto the hypotube 30. involves 
very close tolerances. More specfftcatly. and referring 
briefly back to Fig. 15B. the coating 101 can have a 
thickness 105 tn a range of substantially 0.125 to 0.25 
mm (five thousandths of an inch to ten thousandths of 5 
an inch). In the preferred embodiment of the invention, 
a foiF plane wire straightener 128 is used. Once 
straightened/ the tubing 126 is fed into tiie crosshead 
130 of the extruder 132. in a darection as shown by 
arrcw 133. ,^ 
[0039] As shown in Rg. 19, a polymer matenal 138 is 
introduced into the hopper 140 of the extruder 132. For 
a detailed description of the extruder 132. refer to U.S. 
Patent Application Serial No. 09/108.656 for an inven- 
tion entitied 'MecBcal De^es Made By Ftotating Man> is 
drel Extnisk>n", which is assigned to the same assignee 
as the present invention. The actual lamination of poly- 
mer material 138 onto the tid>ing 126 is, however, per- 
haps best appreciated by referring to Fig. 20. Fig. 20 
shows the die 134 in greater detail. In Fig. 20. ft is 20 
shown that the tubing 126 passes through die bore 141 
and exits from the die opening 143 of extruder 132, 
Specifically, the polymer matenal 138. which is in a mol- 
ten slate while in the die 134. enters through feed pas- 
sageway 144. and into the extrusion chamber 145, as 2s 
shown by arrows 146. As the polymer material 138 Is 
extruded through the die opening 143 at a fixed rate, the 
tutNng 126 is pidled through the die opening 143 of 
extruder 132 at a variable rate in the directton shown bf 
arrow 148. Importantly, as the tubing 126 is pulled 30 
through the die opening 143, the polymer material 138 
forms around the outer surface of the tutting 126 to cre- 
ate the lanwiated coating 101 (see Fig. 15B). 
[0040] Refenihg back to Rg. 19, after exiting the die 
134. the laminated tubing 126 is cooled as ft is pulled 3s 
through the water bath 135 by the puHer 136. ActuaOy. 
the water tiath 135 cods txjth the tufcnng 126 and the 
coating 101. and alk>ws the coating 101 to soRdify 
around the tii»ng 126. Ttie diameter of the laminated 
tubing 126 is then measured by a laser micrometer 150. 40 
This diameter reading is used by a control system 152 
to maintain the thickness 105 of the coating 101 in 
accordance with a predetermined value as chosen by 
the operator, as cfiscussed betow. 

[0041] ft is to be appreciated by referring to Fig. 19 45 
that, to maintain the conrect thk:kness 105 of the coating 
101. a signal 156 establishing ttie desired thickness 105 
is used as an input for the control system 1 52 . The laser 
micrometer 150 measures the actual diameter of the 
laminated tobtng 126 and generates a micrometer out- so 
put si^ial 154. whk:h is sent to the control system 152. 
The diameter of the lanv'nated tutting 126 can be used 
to manipulate the thickness 105 of the coating 101 
because the stainless steel tulMng diameter remains 
constant Wrth a constant staviless steel tubing diame- ss 
ter. any changes in diameter of the laminated tubing 126 
would l>e due to a change in thickness 105 of the coat- 
ing 101. The control system 152 then compares the 



desired thickness signal 156 to the output micrometer 
signal 154 to generate an error signal. If the error signal 
indicates the actual lanrvnar coating 101 is too tWn. the 
control system 152 sends a controller output signal 158 
to the puller 136 to slow the rate at which the tubir^ 126 
is pulled through the extruder 132. As the puller 136 
slows this rateat which tiijing 126 is pulled, the tubing 
126 will pass through the die bore 141 more slowly. 
Because the tiAwng 126 passes through the die bore 
141 more slowly and the rate of extrusion of polymer 
138 is constant, the tubing 126 is exposed to the molten 
polymer material 138 for a tonger period of time, and a 
thk:ker layer of polymer material 138 forms on the tut>ing 
126. In this manner, the thk:kness 105 of the laminar 
coating 101 can be increased. 

[0042] On the other hand, if the error signal indicates 
the lanrwnar coating 101 ^ too thicK the control system 
152. in response to a signal 154 generated by the laser 
nvcrometer 150. generates a control output signal 158 
which increases the pull rate on the tubing 126. Accord- 
ingly, the ti*)ing 126 is pulled through the die bore 141 
more quickly The result thdn is that less polymer mate- 
rial 138 coats the tubing 126 and a thinner coating 101 
is obtained. The resuft off the method of the present 
invention is a tubing 126 which has a substantially uni- 
form laminar coating 101 of a desired thickness 105 
(see Fig. 15B). 

[0043] After the laser nvcrometer 1 50 has verified the 
tfik:kness 105 off the coating 101 is at the desired value, 
the tiAsing 126 is cut by the cutt«^ 160 to form the lami- 
nated fiypotube 30 of the present invention. After being 
cut. a iuer fitting 28 may be attached to the hypotube 30 
to form the hypotube subassembly 22 of the present 
invention as discussed above. The tiypotut>e sub- 
assembly 22 is then skived and assembled wrthin the 
catheter 20 as also described above. 
[0044] In the operation of the catheter 20 of the 
present invention, and as shown in Rg. 18. a guktewire 
1 1 8 is posftfoned in the vascular system of a pati^. as 
desired. The proximal end 120 of guideww^e 1 18 is then 
inserted into the guidewire fomen 96 at the distal tp 38 
of the catheter 20. The catheter 20 is then advanced 
along the guidewire 1 18 until the proximal end 120 of 
giidewire 1 18 emerges from the guklewire port 1 10. By 
grasping the proximal end 120, the guidewire 118 can 
be stabilized during further advancement of the catheter 
20 over the guidewire 1 1 8. This advancement continues 
until the balfoon 36 is posftionedio the vascular system 
of the patient, as desired. Wfttnhe baftoon 36 so posi- 
tioned, an nnflator 122. which is engaged in fluid com- 
munication with the inflation liRnen 98 of Iuer fitting 28. 
is activated to inflate the balloon 36. Sut^equentiy. the 
balfoon 36 can be deflated and the cattieter 20 wrth- 
drawn over the guklewire 118. For obvfous health rea- 
sons, as intended for the present invention, the catheter 
20 is to t)e discarded after use. 
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Claims 

1. A radiopaque marker for locating a medical device 
in vivo which comprises: 

a catheter body; 

a matrix material: and 

a metal, said metal being t)lended into said 
matrix material to form a radiopaque t>and, said 
band t>eing tx)nded to said catheter txxly to 
contrast therewith. 

2. A medical catheter which comprises: 

a catheter body: 

a radiopaque t>and made of a metal blended 
with a matrix material, said radiopaque band 
being thermally bonded to said catfieter; and 
a tutxilar shaped t>alloon having a first tail and 
a second tail, said first tail and said secorxi tail 
being respectively thermal bonded to said cath- 
eter body to position at least a portion of said 
catheter txxJy inside said tjalloon, with said 
radiopaque band being positioned on said 
catheter txxiy to identify a location for said bal- 
loon on said catheter body. 

3. A marker as recited in claim 1 or a catheter as in 
claim 2 wherein said matrix is made of a polyether 
block amide co-polymer. 

4. A marker as recited in claim 1 or a cath^er as m 
daim 2 wherein said catheter body is made of a pol- 
yether block amide co-polymer. 

5. A marker as recited in claim 1 or a catheter as in 
daim 2 wherein said metal is selected from a group 
including tungsten, silver, gold, platinum and their 
alleys. 

6. A marker or catheter as recited in daim 5 wherein 
said metal is at least seventy percent by weight of 
said radiopaque t>and. 

7. A marker as recited in claim 1 or any claim depend- 
ent thereon, or a catheter as in daim 2 or any daim 
dependent thereon wherein said band is formed as 
a ring, said ring having an outer diameter and l>eing 
formed with a lumen defined by an inner diameter. 

8. A marker or catheter as recited in daim 7 wherein 
said outer diameter and said inner diameter have a 
difference theret>etween to define a wall thickness, 
and said wall thickness is in the range of approxi- 
mately (0.025 to 0.05 mm (one thousandth of an 
inch to two thousandths of an inch (0.001 -0.002 
inch)). 



9. A marker or catheter as recited in daim 8 wfier^n 
said catheter body is a tut>e and said t>and receives 
said cattieter tube in said lumen to c^cumscrit>e at 
least a portion of said tid>e. 

5 

10. A marker or catheter as redted in daim 9 further 
comprising a tutxilar shaped t>alloon having a f rst 
taH and a second taH. said first tail and saki second 
tail being respectively bonded to sarcl catheter body 

10 to position at least a portfon of said catheter body 
inskJe said baUoon. with saki racfiopaque band 
being positfoned on sakI catheter body to kJentify a 
tocation for said balloon on said catheter txxfy. 

15 1 1 . A marker as recited in claim 1 or any claim depend- 
ent thereon, or a cattieter as in daim 2 or any daim 
dependent thereon, further oomprising a plurality of 
sakI radfopaque t>ands. 

20 12. A method for thermal tx>nding a radiopaque 
marker to a catheter body which comprises the 
steps of: 

trending a metal with a matrix material to form 

25 a radfopaque tiand; 

positfoning said racfiopaque band against a 
portfon of sakJ catheter txxiy; and 
applying RF energy to sakJ radiopaque t>and 
and to said catheter txxJy to thermally bond 

30 ssivd radiopaque t>and to said catheter body. 

13. A method as recited in daim 12 wherein sakJ band 
is formed as a ring, said ring having an outer diam- 
eter and t>eing formed with a lumen defined t^ an 
35 inner diameter, and wherein said catheter Ixxty is a 
tut>e. and further wtierein said positfoning step is 
accompfished by inserting at least a portion of said 
catheter body into sakt lumen of said ring. 

40 14. Amethodasrecited in claim 13 wherein sakt apply- 
ing step furttier comprises the steps of: 

pladng an adive RF mandrel into saki catheter 
txxly tube; 

45 sunrounding said radfopaque marker, sakl cath- 

eter body tube and sakJ mandrel with an RF 
cod to locate said radfopaque marker and sad 
catheter body tube t>etwesp said RF coil and 
sakl active RF mandrel;-emd 

so sending a current through said coil. 

15w A method as recited in any of claims 12 to 14 
wherein sakl matrix material and sakt catheter txxly 
are made of a polyettier block anrride co-polymer. 

55 

16* A method as recited in any of claims 12 to 15 
wherein said metal is selected from a group includ- 
ing tungsten, silver, gold, platinum and their alfoys. 
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and wherein said metal is at least seventy percent 
by weight of said radiopaque band. 

17. A method as recited in any of claims 12 to 16 
wherein said catheter body further comprises a s 
tutnilar shaped balloon having a first taS and a sec- 
ond tail, and said method further comprises the 
step of respectively bonding said first tail and said 
second tail to said catheter body to position at least 

a portion of said catheter body inskJe said baHoon, io 
with said radiopac^e band being positioned on said 
catheter body to identify a location for said balloon 
on said catheter body. 

18. A dual lumen tube sutiassembly for use in a single- is 
operator-exchange (SOE) medical balloon catheter 

to interconnect the balloon with an infiator and to 
establish a guidewire passageway for the catheter, 
said sid>assembly comprising: 

20 

a guidewire section formed with a guidewire 
lumen, said guidewire section having a proxi- 
mal end and a distal end; 
an inflation section formed with an inflation 
lumen, said inflation section having a proximal 2s 
end arxJ a distal erxi* said inflation section 
being fongitudinally juxtaposed with said 
guidewire section to create a proximal exten- 
sion for said guidewire section and to create a 
distal extension for said mf lation section; 30 
a guidewire marker tube thermally bonded to 
said distal extension of said inflation section 
and to said guidewire section to estat)lish a 
continuous guidewire passageway between 
said guidewire marker tube and said guklewire 3S 
section; and 

a mkf-tube section thermally borxled to said 
proximal extension of said guidewire section 
and to said inflation section to estabTish a fluid 
passageway between sakf inflation section and 40 
said mid-tuk>e section for inf lathig said balloon. 

19- A device as. recited in claim 18 wherein said 
guidewire section is composed of a polymer mate- 
rial to provide a color contrast between said 45 
guidewire section and said mid-tut>e section. 

20. A device as recited in daim 19 wherein said poly- 
mer is a medical grade plastic. 

so 

21. A device as recited in daim 20 wheron said medi- 
cal grade plastic is a pc^ether block amide co-pol- 
ymer. 

22. A device as recited in claim 21 wherein said co-pol- 55 
ymer is Pebax. 

23. A device as recited in any of dainis 18 to 22 



wherein said mid-tufc)e section and said inflation 
section and said guidewire marker tube are made 
of compatible materials. 

24. A device as redted in any of daims 18 to 23 
wherein said proximal extension of said guidewire 
section is approximately ten millnneters (10 mm) 
tong. 

25. A device as recited in any of daims 18 to 24 
wherein said distal extension of said inflation sec- 
tion is approximately two millimeters (2 mm) long. 

26. A method for forming a dual lumen tii^e for use in a 
single-c^erator-exchange (SOE) medical balloon 
catheter, said dual lumen tube interconnecting ttie 
balloon witti an infiator and estatrfishing a gukJewire 
passageway for the catheter. sakJ metfxxJ comprte- 
ing the steps of: 

extruding sakJ dual lumen tube, said dual 
lumen tube having ef proximal end and a cfistal 
end and having a guidewire section and an 
inflatfon section. sakJ guidewire section being 
formed with a guidewire lumen, and said infla- 
tion section being formed with an inflation 
lumen, said guidewire lumen being fongitudi- 
nally juxtaposed with said inflation himen; 
cutting saki proximal erxJ of said dual lurvien 
tube to create a proximal extension for said 
guidewire section extending longitudinally 
beyofxJ said inflation section; 
cutting said distal end of said dual lumen tube 
to create a distal extension for sakI inflation 
section extending fongitudinally beyond sakJ 
guidewire section; 

thermally bonding a guidewire marker tube to 
sakJ distal extension of said inflation section 
and to sakJ guklewire section to establish a 
continuous guidewire passageway between 
sakI guklewire marker tube and said gukfewire 
section; and 

thermaOy bonding a mki-tube section to sakI 
proximal extension of saki gukJewire section 
and to said inflatfon section to estat>lish a fluid 
passageway between sakf inflation section arxl 
sakf mid-tube section for inflating sakf balfoon. 

27. A metfKxl as recited in dafm 26 wherein saki dual 
fomen tid>e is made of a material of a polymer 
material whfoh provides a color conti^ast t>^een 
saki guklewire section and saki mki-tube section. 

28 A nrtethod as recited in claim 26 to 27 further com- 
prising the step of skiving saki proximal extensfon 
of saki guidewire sedfon prior to said ttiermal bond- 
ing of said mid-tube section to saki inflation sectfon 
and to saki extensfon of saki guidewire section. 
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29. A method as recited in claim 26. 27 or 28 wherein 
sakf thermal bonding is accomplished using radio 
frequency (RF) energy. 

30. A method as recited in any of claims 26 to 29 5 
wherein said thermal tx>nding is accompfished at 
substantially 177*C (three hurKlred and fifty 
decrees Fahrenfieit (350 F)). 

31. A method as recited in any of claims 26 to 30 io 
wherein said cutting of said proximal end is accom- 
plished to mate said proximal ectension of said 
guidewire section approximateiy ten miHimeters (10 
mm) long. 

15 

32. A method as recited in any of claims 26 to 31 
wherein said cutting of said distal end is accom- 
plished to make said distal extension of said infla- 
tion section approximately two millimeters (2 mm) 
long. 20 

33. A hypotube subassembly lor estat^fishing an infla- 
tion airway for a medical bcilloon catheter which 
comprises: 

25 

a hypotube havorig an outer surface, a proximal 
end, and a distal end, said distal end bang 
sfiaved to form a skived projection; 
a coating positioned over said outer surface of 
said fiypotidt)e; and 30 
a mid-tube tiaving a proximat end and a disSal 
end. said mid-tube being formed with a lumen 
for receiving said skived projection of sakJ 
hypotube therein with said proximal end of said 
nfvd-tut>e t>eing bonded to said coating on said 35 
tiypotube proximal to said distal end of said 
hypotube and said distal end of said mid-tut>e 
being connected to sakJ balloon to establish 
said airway tfvough sakJ hypotube to said bal- 

kXMI. 40 

34. A tiypotube subassembty as recited in daim 33 
wherein said skived proiectk>n extends sit>stan- 
tially tfvough said mid-tube. 

45 

35. A hypotiiDe subassemksly as recited in daim 33 or 
34 wherein sad coating is made of a polymer mate- 
rial and said mid-tube is made of a polymer mate- 
rial. 

50 

36. A hypotube sUbassenri3ly as recited in daim 35 
wherein said polymer material of said coating and 
said polymer material of said mid-tube are poly- 
ether bk>ck amid co-polymers. 

55 

37. A hypotL£>e subassembly as recited in daim 36 
wher^n said polymer material of said coating is a 
Pebax 7030 and said polymer material of said mid- 



22 

tube is a Pebax 7233. 

38. Afiyp0tubesubassenf4>ly asredtedinany of claims 
33 to 37 wherein said hypotube is approximately 
one meter ri length, said skived projection of said 
tiypotube is approximately fifty five mm in length, 
and said mid-tube is approximately sixty mm in 
length. 

39. AhypotL^sut>assembly asredtedinanyof daims 
33 to 38 further comprising a luer iMng connected 
to said proximal end of said tiypcrtuba 

40. A tiypotube suf>assenrbly defining a longitudinal 
axis and formed with a lumen extending along said 
axis for establishing an inflation airway for a medk:ai 
balloon catheter between an Inf later and a t>alkx>n, 
said fiypotid>e sut>assembly comprising: 

a first section fiaving a wall surrounding said 
lumen, said wall of said f iist section induding a 
reinforcement complelely surrounding said 
lumen to establish a kxigitudinal stiffness for 
said hypottibe sut>assemt)ly in said first sec- 
tion, said reinforcement having a skived projec- 
tion extending ttierefrom; and 
a second sedion extending k)ngptudinally from 
said f rst section and fiaving a wall surrouncfing 
tx>th said kimen and said skived extension of 
said reinforcement to reduce the longitudinal 
stiffness in said second section, relative to said 
first section, and establish increased f lenbility 
for saki second sectk>n. relative to said first 
section. 

41. A tiypotube sut>assemt)ly as recited in claim 40 
wherein sakJ reinforcement is a tiypotut>e. 

42. A tiypotut>e subassemtsly as recited in daim 40 or 
41 wherein saki skived projection exterxis sul>stan- 
tialty tfirough saki second section. 

43. A hypotut>e sutiassembly as redted in claim 40, 41 
or 42 wherein said reinforcement has an outer sur- 
face wherein saki wall of said first sedbn indudes 
a coating of polymer material positioned over saki 
outer surface of saki reinforcement, and further 
wlierein saki wall of saki second section is a pdy- 
mer material. 

44. A tiypotube sut>assembly as recited in claim 43 
wherein saki polymer material of saki coating and 
saki polymer material of said second section are 
polyether k>kx:k amid co-pdymers. 

45. A hypotube sut>assembly as recited in daim 44 
wherein saki pdymer material of said coating is a 
Pebax 7030 and saki polymer material of saki mid- 
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tube IS a Pebax 7233. 

46. A hypotube subassembly as recited in any of claims 
40 to 45 wherein said first section Is approximately 
one meter in length, said skived projection of said s 
renlbrcement is approximately fifty five mm in 
length, and said section is apprc»tmately sixty nm 
in length. 

47. A hypoti^ subassembly as recited in any of claims io 
40 to 46 further comprising a luer fitting connected 
to said first section with said first section t>eing 
located between said luer fitting and said second 
section. 

15 

48. A device for providing an air passageway to inflate 
a balloon d a medical balloon catheter arKi for pro- 
viding stiffness to increase pushafcMlity of said med- 
ical balloon catheter which comprises: 

20 

a metal hypotube having a distal end. a proxi- 
mal erxj arxi an outer sur^ce: 
a skived projection extending distally from said 
distal end of saki metal hypotube; 
a poiymer coating attached to said outer sur- 25 
face; 

a polymer mid-tube formed with a lumen for 
receiving said skived protection therein to place 
said hypotube in fluid communication with said 
mkl-tube. sakI polymer mid-tube being ther- 30 
many bonded to sakI coating to position and 
hold said skived projection in sakJ lumen of 
said poiymer mid-tut>e; and 
means for connecting sakJ polymer mkl-tut3e in 
fluid communication with said balfoon to inflate 35 
said balloon through said hypotut>e. 



49. A device as recited in claim 48 wherein sakJ skived 
prqectfon extends substantially through said mid- 
ti4>e. and wherein sakf coating and sakJ mkl-tube 
are made of a polymer material. 

50. A desnce as recited in daim 49 wherein said poly- 
mer material of said coating and said polymer 
material of sakI mid-tube are polyether block amkf 
co-polymers. 



proximal end of said hypotube. 

53. An inflatable bafloon st4>assembly for a medk:al 
catheter which comprises: 

an inflatable bafloon having a proximal tail and 
a distal tail; _ . 

a gukfewire tLA>e ha^^'ng a proximal end and a 
distal end, said distal taH of said t«floon b&ng 
connected to sakI distal end of said guklewire 
tul>e in a surrounding relatfonship thereto; and 
a catheter body formed with a guktewire kimen 
and an inflation lumen, said proximal end of 
sakI gukJewire tube being connected to said 
catheter body in fluki communication with sakI 
gukJewire lumen thereof to establish a pas- 
sageway for receiving a gukfewire there- 
through, and sakJ proximal tafl of said balloon 
being connected to sakf catheter body to 
estal5lish fluid communk^tion between sakJ 
balloon and saki inflation lumen of saki cathe- 
ter body. • " 

54. A baHoon subassembly as recited in daim 53 fur- 
ther comprising a coi^jling UA>e formed with a 
lumen and having a proximal end and a distal end. 
said proximal tan of saki baOoon being connected to 
sakJ distal end of said guidewire tube in a surround- 
ing relationshjp thereto, and saki proximal end of 
saki coupling tul>e l>eing connected to said catheter 
body. 

55. A balfoon subasseiTt)ly as redted in daim 54 
wherein sakS balfoon, saki guidewire tube, sakf 
catheter txxJy and saki coupling tube are made of 
compatftDle polyme^s. 

56- A balloon sutjassemWy as redted in daim 54 or 55 
wherein saki coupling tube is approximately five 
centimeters in length (5 cm). 

57. A balloon sut>assembly as recited in daim 54, 55 or 
56 wherein saki gudewire lumen and said irrflatfon 
lumen off said catheter body are fongrtudkiaBy juxta- 
45 posed. 

5a A balloon sut>assembly as recited in any of claims 
53 to 57 wherein saki co^pling tube and sakf 
^klewire tube are coaxialT^ 

A balloon sul>assembly as recited in any of claims 
53 to 58 wherein said l>alioon is thermally bonded 
to sakJ guidewire tube, said giKiewire tube is ther- 
mally boncted to saki catheter body and saki cou- 
pling tul>e is thermally bonded to saki balfoon and 
thermally bonded to said catheter txxiy 

An inflatable balfoon subassembly for a medfoal 



51. A device as redted in daim 50 wherein said poly- 
mer material of said coating is a Pebax 7030 and 
saw pdymer material of saki mid-tube is a Pebax so 
7233. 



59. 



52. A devfoe as recited in any of claims 48 to 51 
wherein said hypotube is approxinnately one meter 
in length, said skived projectfon ^ approximately ss 
fifty five mm in length, and sakJ mki-fube is approx- 
imately sixty mm in length, and wherein saki device 
further comprises a luer fitting connected to said 6a 
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catheter which comprises: 

a dual lumen tdbe having a first lumen and a 
second lumen: 

a single lumen tube connected in fluid commu- 
nication with said first lumen of said dual lumen 
tube to est^lish a passageway for receiving a 
guidewire therethrough; 
a couplhig tube fiaving a lumen for receiving 
said single lumen tut>e therethrough, said cou- 
piing tube being connected to said dusA lumen 
tut>e ui fluid conmnunication with said second 
lumen thereof; and 

a balloon having a distal tail and a proximal tail, 
said distal tail of said balloon t>eing connected 
to Scud single lumen tube in a surrounding rela- 
tionshp thereto and said proximal tail of said 
t>alloon being connected to said coupling tut>e 
ki fluid communication therewith. 

61. A balloon subass^nbly as recited in daim 60 
wherein said coupling tut>e is approximately five 
centimeters in length (5 cm). 

62. A balloon subassembly as recited in daim 60 or 61 
wherein said first lumen arxl said second lumen of 
said dual lumen UAye are longitudinally juxtaposed, 
and wherein said coupling tii>e arxf said single 
lumen tube are coaxial. 

63. A balloon subassembly as recited in daim 60. 61^ 
62 wherein said balloon is thermally bonded to said 
single lumen tube, said single lumen tut>e is ther- 
mally bonded to said dual lumen tut>e, arxJ said 
coupling tut>e is thermally txMided to said k>alloon 
arxl tfiermally tx>nded to said dual lumen tube. 

64. A bailoon subassembly as recited in any of claims 
60 to 63 wherein said balloon, said single lumen 
tube, said dual lumen tube and said coi^Dling tube 
are made of conpatible polymers. 

65. A balloon subassembly as recited in daim 64 
wherein said polymer is Pebax. 

66. A method for manufacturing an inflatable balloon 
suK^^sembly for a medical catheter which com- 
prises the steps of: 

providing a tutxilar shaped t>alloon having a 
distal tan and a projwnal taH. a guidewire tube 
formed with a lumen and fiaving a distal end 
and a proximal end, a cot^^ling tut>e formed 
with a lumen and having a distal end and a 
proximal ervi. arxl a dual lumen tut>e formed 
with a first lumen arxl a seoorxl lumen; 
thermally kx>rKitng said distal tail of said balloon 
to said distal end of said guidewire tdbe in a 



surrounding relationsfiip therewith; 
thermally txxxiing said proximal end of said 
guidewire tiA>e in fluid communication with said 
first lumen dual lumen tube to establish a pas- 
5 sageway for receiving a guidewire there- 

through; 

thermally txxxJing said proximal end of said 
coupling tu!>e to said dual lumen tube to sur- 
round said guidewire tut)e arxl to establish fluid 
10 communication between said lumen of said 

coupling tube and said second lumen of said 
dual lumen tube; and 

thermally tx>nding said proximal tail of said bal- 
loon to said distal erxl of said coupling tube to 
IS estat^lish fluid communication therefc>etween. 

67. A metfKxl as recited in daim 66 wherein said l>al- 
loon, said guidewire tube, said dual lumen tube arxJ 
said coupling tid>e are made of compatil3le pdy- 
20 mers. 

68- A method as recited in claim 66 or 67 wherein said 
coupling tut>e is approximately five centimeters in 
length (5 cm). 

25 

69. A metfxxi as recited in daim 66, 67 or 68 wtierein 
said first lumen and said second kimen of said dual 
lumen tube are longitucfirially juxtaposed. 

3o 70. A method as redted in any of claims 66 to 69 
wtierein said coq^iing tube and said guidewire tul>e 
are coaxial. 

71. A method for manufacturing a medical l^alloon catfv 
ss eter having a hypotube sU>as$ent)ly for use in 
interconnecting the balloon of ttie cattieter with an 
inf lator, comprising the steps of: 

providing a source of metal tufcung. said tubing 
40 having an outer surface; 

straightenbig said tubing; 
pulling said tutting at a variable rate through a 
die opening of an extruder in response to a 
control signal; 

45 extruding a polymer material tfirough said die 

opening to form a laminar coating of said pdy- 
mer material on said outer surface of said tub- 
ing as said tubing Is puU^ through said die 
opening, said coating having a thickness; 

so coofing said tubing and said coating; 

measuring said thickness of said coating to 
generate said contrd signal for said pulling 
step to maintain a sut>stantially uniform thick- 
ness for said coating 

55 cutting said tubing and said coatnig to form a 

laminated tube, saki tube having a length with 
a proximal end and a distal end; 
fixing a luer hub fitting to said proximal end of 
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said tube; 

engaging said inflator with said fuer hub fitting 
to establish fluid communication between said 
inflator and said proximal end of said tut>e: and 
attaching an inf latatrfe balloon in fluid comrruj- s 
nication with said distal end of said tube. 

72. A method as recited in claim 71 wherein said 
source of metal tubing is a spoof of stainless steel 
tubing. w 

73- A method as recited in claim 71 or 72 wherein said 
straightening step is acconrpfished with a four plane 
wire straightener. 

15 

74. A method as recited in claim 71. 72 or 73 wherein 
said rate of said pulling step is approximately 15 m 
per minute (fifty feet per minute (50 ft/min)). 

75. A method as recited in any of claims 71 to 74 20 
wherein said lanrunar coating is a polymer material 
made of a medical grade plastic. 

76- A method as recited in daim 75 wherein said medi- 
cal grade plastic is a polyether block amide coiX>l- 2s 
ymer. 

77- A method as recited in daim 76 wherein said co- 
polymer is Pebax. 

78. A method as recited in any of claims 71 to 78 
wherein said coating is colored blue to contrast said 
hypotut>e sut>assembly within said catheter. 

79. A method as recited in any of daims 71 to 78 35 
wherein said measuring step is accompTished with 

a laser micrometer, said micrometer having a con- 
trol system for generating said control signal for 
said pulling step. 

40 

80. A m^od as recited in any of claims 71 to 79 
wherein said attaching step is acconr^ished with 
thermal bonding. 

81. A metfKXf as recited in daim 80 wherein sakJ ther- 45 
mal txMnding is acconrfrfished using radfofrequency 
(RF) eiergy at approximately 177*C (three hundred 
and fifty degrees Fahrenheit (350 F)). 

82. A method as recited in any off claims 71 to 81. fur- so 
ther comprising the step of : 

skiving said distal end of said tube, said skiving 
step to be accomplished after said fixing step 
and t>efore said attaching step. 55 

83. A medical balloon catheter tiaving a fiypotut>e sub- 
assemljly for interconnecting the baOoon with an 



inflator. comprising: 

a metal tube tiaving an outer surface, a proxi- 
mal erid arKl a cfistal end; 
a polymer coating laminated onto said outer 
surface of said tube, said coating being lami- 
nated on said cHiter surface by passing said 
tube through a cfie bore off an extruder arKl 
extruding a polymer material through said die 
bore onto said surface to otrtain a substantially 
uniform thickness for said coating on said tube; 
a luer fitting bonded to said polymer coating at 
said proximal end of said tii>e, said luer fitting 
being engageable with an inflator; and 
an inflatable l>alloon sub»assemt}ly tx>nded to 
said polymer coating at said distal end of said 
tui>e to place said inflator in fluid communica- 
tion with said balloon. 

84. A device as recited in daim 83 wherein said thick- 
ness of said coating is measured to generate a con- 
trol signal and said tubTs Is passed through said die 
bore at a rate responsive to said control signal. 

85. A device as recited in daim 83 or 84 wherein said 
polymer material is a medical grade plastic and said 
metal tube is made of stainless steeL 

86- A device as recited in claim 85 wherein said medi- 
cal grade plastic is a polyether block amide oo-pol- 
ymer. 

87. A device as recited in daim 86 wherein said oo-poi- 
ymer is Pebax. 

88. A device as recited in any of daims* 83 to 87 
wherein said tube is approximately one thousand 
and twenty milRmeters (1020 mm) in length. 

89- A device as recited in any of daims 83 to 88 
wherein said coating is colored Ijlue, for the pur- 
pose of contrasting said hypotui^e SLrit>assembly 
within said catheter. . 

90- A (fislai tip for advandng a medical catheter over a 
^ndewire which comprises: 

a tUxjIar stiaped bailoQQ^ving a proximal tail 
and a distal tail, said-balloon being made of a 
first polymer: arxf 

a tut>e for receivir^ the guidewire therethrough, 
said tube having a proximal erxJ and a distal 
end. said tube t>eing made of a second poly- 
mer, said distal end of said tUbe being affixed to 
said dist^ tail of said balloon to establish an 
integral tx>nd therebetween. 

91. A distal tip as recited in daim 90 wherein Ixrth said 
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first polymer and said second polymer are a poly- 
ether block amide co-potymer. 

92. A distal tip as recited in claim 90 or 91 wherein said 
first polymer and said second polymer are made of s 
the same material. 

93. A distal tip as recited in claim 90. 91 or 92 wherein 
tx>th said first polymer and said second polymer are 
rrasdbie with each other. io 

94. A distal tip as recited in claim 90. 91 or 92 wherein 
said distal tip is formed with an end taper arxi a 
transition taper, said transition taper being proximal 

to said end taper and contiguous therewith, and is 
wherein both said end taper arxi said transition 
taper have an increasing diameter in the proximal 
direction: 

95. A distal tip as recited in claim 94 wherein said tube 20 
defines a longitudinal axis and said end taper is 
characterized by an angle a which is measired 
from the longitudinat axis of said tube and is in the 
range of from about fifteen degrees to about sev- 
enty-five degrees (a = 1 5 - 7^. 2s 

96. A distal tip as recited in daim 94 wherein said tube 
defines a longitudinal axis and said transition taper 
is characterized by an angle p which is measured 
from the longitudtrial axis of said tube and is in the 30 
range of from about four degrees to about ten 
degrees (p - 4* - 10*»). 

97. A distal tip as recited in any of claims 90 to 96 
wherein said tube is formed with a lumen for receiv- 35 
ing a guidewirejHieretfvough. 

98. A distal tip for a medical catheter which comprises: 

an end taper; and . 40 
a transition taper, said transition taper being 
proxurai to said end taper arxf contiguous 
therewith, and wherein tx>th said distal taper 
and said transition taper have an increasing 
diameter in the proximal direction. 4S 

99. A distal tip as recited in claim 98 wherein said med- 
ical catheter comprises: 

a tubular t^alloon having a proximal end arxJ a so 
distal erxi with said distal end being integrally 
tx)nded to said tip; and 

a tijl>e having a proximal end and a cfistal end, 
said tube being positioned inside said t>alloon 
with said distal end of said tube integrally ss 
t>onded to said t>alloon and to said t^. 

100. A distal tip as recited in daim 99 wherein said tube 
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defines a longitudinal axis and said erxl taper is 
characterized an angle a which is measured 
from the longitudinal axis of said tube arx) is in the 
range of from about fifteen degrees to about sev> 
enty-five degrees (cc = 15 - 75). 

101. A distal tip as recited in claim 100 wherein said 
transition taper is ctiaracterized l>y an angle p which 
is measured from the longitudinal axis of said tube 
and is in the range of from akxxit four degrees to 
£dbout ten degrees (P = 4* - 10**). 

102. A distal tip as recited in daim 99 wherein said bal- 
loon is made of a first polymer, said tid>e is niade of 
a second polymer, and said tip is made of a melt 
combination of said first pdymer arxi said second 
polymer. 

1 03. A distal tqa wherein said first polymer and said sec- 
ond polymer are the same polymer. 

1 04. A m^hod for manufacturingthe distal tip of an angi- 
oplasty balloon catheter which comprises the steps 
of: 

providing a tut>e having a proximal erxf and a 
distal end with a lumen formed through said 
tube therebetween, said tut^ k>^'ng made of a 
first polymer: 

inserting a mandrel into said lumen of said 
tube; 

positioning a tutxilar t>atloDn having a proximal 
tail arxJ a distal tail to surround said tut>e and to 
place said distal tail of said t>ailoon over sakJ 
distal end of said tube, said tubular t>alioon 
being made of a second polymer ; 
introdudng said distal end of said tut>e with 
said distal tail of said b»ailoon into a cavity mold 
to hold said distal end of said tube and said dis- 
tal tail of said balloon between said mold and 
Scud mandrel; and 

energizing said mold to melt said first polymer 
of said distal end of said tube and said second 
polymer of said distal tail of said t>aHoon to 
establish an integral fc»ond therebetweea 

105. A method as recited in daim 104 wherein said man- 
drel is an active RF mandrel. 

106. A method as recited in cleum 104 or 105 wherein 
both said first polymer and said second polymer are 
a polyetfier block amide co-pdymer. 

107. A method as recited in daim 104 or 105 whereki 
said first polymer and s^ second polymer are 
made of the same material. 

108. A metiiod as recited in claim 104 or 105 wherein 
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both said first polymer and said second polymer are 
misdlDle with each other. 

109^ method as recited in any of claims 104 to 108 • 
wherein said energizing step forms said distal tip s 
with an end taper and a transition taper, said transi- 
tion taper being proximal to said end taper and corh - - 
tiguous therewith, and wherein both said distal 
taper arxJ said transition taper have an increasing 
diarmter in the proximal direction and wherein said io 
tube defines a fongrtucfinal axis and said end taper 
is ctiaracterized by an ar^le a whk:h is measured 
from the longitudinal axis of said tutoe arxJ is in the 
range of from about fifteen de^ees to about sev- 
enty-five degrees (a = 1 5 - 75 ), and further wherein is 
said transition taper is characterized by an angle p 
which is measured from the longitudinal axis of said 
tube and is in the range of from about four degrees 
to about ten degrees = 4'' - IO""). 

20 

110.A medical catheter which comprises: 

a hypotube sut>asseni3ly including a core tube, 
said core tube being formed with an inflation 
lumen extending therethrough: 25 
a iTvd-section sulsassemtsly fiaving a proximal 
end and a distal end. said mid-section sul>- 
assembly having a guidewire lumen longitudi- 
nally juxtaposed with an inflation lumen, said 
proximal end of said mid-section sut>assembly 30 
being thermally txMxIed with said hypotube 
subassembly to connect said inflation lumen of 
said core tube in fluid communication with said 
inflation lumen of said mtd-sectlon sut>assem- 
bly: and 35 
a balloon subassembly Including a t>alloon hav- 
ing a proximal tail arKf a distal tail and a 
guidewire tube having a proximal end and a 
distal end. said distal tail of said t»alloon being 
attacfied to said guidewire tube proximal said 40 
distal erxJ of said guidewire tube, and said 
proxhnal tail of said balloon being thermally 
bonded to said distal end of said mid-section 
sii>assemt^y to interconnect said guidewire 
tut>e with said guidewire lumen of said mid-sec- 45 
tion subassembly and to connect said balloon 
in fluid communication with said inflation lumen 
of said mid-sectton sutassembly. 

111^ catheter as redted in daim 110 wherein said mid- so 
section sut>assembly is made of a polymer material 
and said hypotube sitessennbly further comprises 
a polymer coating on said core tube for thermally 
bonding said mid-section subassembly to said 
coating of said hypotube sul)assembly. 55 

11 2. A catheter as recited in claim 110 further conpris- 
ing a coupling tube having a proximal end and a dis- 



tal end. said distal end of said coupUng tube being 
connected with said proximal tail of said balloon 
and said proximal end of said coupling tube being 
connected to said distal end of said mid-section 
subasserTt>ly. 

11 3. A catheter as recited in daim 1 12 wherein said cou- 
pling lii>e is approximately five centimeters in 
length and is made of a polymer material for ther- 
mally bonding said coupling tube to said mid-sec- 
tion sut>assembly. 

114. A catheter as recited in any of claims 110 to 113. 
wherein said hypotiA>e subassembly is selected 
from a plurality of substantially similar hypotube 
subassemblies prior to being thermally bonded to 
said mid-section subassembly. 

115. A catheter as recited in any of claims 110 to 114. 
wherein said mid-section subassembly is selected 
from a plurality of substantially similar mid-section 
sut>assent>Iies prior to being thermally borided to 
said hypotube sid>assembly and prior to being ther- 
mally bonded to said balloon subassemt)ly. 

116-A catheter as recited in any of daims 110 to 115, 
wherein said t)alloon sut>assembly is selected frorn 
a plurality of substantially similar t^alloon sUth 
assembfies prior to being thermally bonded to said 
mid-section subassembly. 

117. A catheter as recited in any of claims 110 to 116. 
wherein said coating of said hypotut)e subassenn 
biy. said mid-section subassembly and said balloon 
subassembly are made of compatible materials. 

1 18. A catheter as recited in daim 111 wherein said hol- 
low core tube is made of stainless steel and said 
surrounding coating Is a medical grade plastic. 

119. A catheter as recited in daim 118 wherein said 

medical grade plastic is a polyether bfock amide co- 
polymer. 

120. A catheter as redted in daim 119 wherein said 
medical fi^ade plastk: coating is colored for the pur- 
pose of visually contrasting said hypotii^e sub 
assembly within said catheteg: 

121. A catheter as recited in any of daims 110 to 120 
wherein said thermal tx>nding is accomplished by 
the use of radio frequency (RF) energy. 

122. A catheter as recited m daim 121 wherein said 
thermal bonding is accomplished at approximately 
177»C (350 degrees Fahrenheit (350 *»F)). 

123. A catheter as recited in any of claims 110 to 122 
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wherein said hypotube subassembly is approxi- 
mately one thousand and twenty mtilimeters (1020 
mm) in length. 

catheter as recited in any of claims 110 to 123 s 
wherein said mid-section subassembly is approxi- 
mately three hurvfred milUmeters (300 mm) in 
length. 

125.A method for manufadurnig a catheter comprising io 
the steps of: 

manufacturing a plurality of hypotube sub- 
assemblies, each said hypotube subass&nbly 
including a core tut>e, said core tube being 
formed with an inflation lumen extending there- 
through; 

constructing a plurality of a mid-secfion sub- 
assemblies, each said mid-section having a 
guidewire lumen longitudinally juxtaposed with 
an inflation lumen; 

fabricating a plurality of t>alioon sut>assemblies. 
each said fc»alloon si^ssembly including a t>al- 
loon fiaving a proximal tail and a distal tail and 
a gimiewire tube having a proximal erxJ and a 
distal end and a coupling tube having a proxi- 
mai erxl and a distal end. said distal tail of said 
balloon t>eing attached to said guidewire tut>e 
proximal said distal end of said gindewire tube, 
and said distal end of said coupling tube being 
attached to said proximgri erxJ of said iKilloon; 
selecting one hypotube sul>assembly from ssud 
plurality of hypotube suk>assemblies; 
selecting one mid-section subassembly from 
said pluranty of mid-section sut>asserhblies; 
selecting one t>alloon subassemt)iy from said 
plurality of balloon subass^nbties; 
tliermally borxJing said hypotut>e sut^assembly 
to said proximal end of said selected m'd-sec- 
tion sui^assembly to place said inflation lumen 
of said core tube in fluid conmunication with 
said inflation lumen of said mid-section sul>- 
assembly; and 

thermally bonding said proximal end of said 
coupling tube to said distal erxJ of said mid-sec- 
tion subassembly to interconnect said 
guidevme tube with said guidewire lunten of 
said mid-section sut^assembly, and to connect 
said balloon in fluid communication with sard 
inflation lumen of said mid-section subassem- 
bly. 

1 26^ metfKxi as recited in daim 125 wherein said ther- 
mal boncfing is accomplished usnig radio frequency 
(RF) energy. 55 

tZTJK method as recited in claim 125 or 126, wherein 
said thermal bonding is accomplished at approxi- 



mately 177'C (three hundred fifty degrees Fahren- 
heit (350*' F)). 
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Design and method to fabricate PTCA balloon radiopaque marker band 



(57) A radiopaque marker for the body portion of a 
medical catheter, and the methods for manufacturing 
such a marker, require the blending of a metal with a 
polymer matrix. For the blend, the metal is preferably 
greater than approximately seventy percent by weight 
This blend is then made into a band having a thickness 
that is less than about two thousandths of an inch. To 
assemble the catheter, the radiopaque band is posi- 
tioned against the catheter body and the band is then 
thermally bonded to the catheter body. For a balloon 
catheter, the catheter body will be tubular and the radio- 
paque marker band can be formed as a ring that will 
surround the catheter body, circumscribe the lumen 
inside the catheter body, or be incorporated as part of 
the catheter body. The positton of the marker band can 
be established as desired and then thermally bonded 
onto the catheter body to identify the location of the bal- 
loon on the catheter body. 
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□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
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